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PHOTOETLECTROCHEMICAL EFFECT OF PHTHALOCYANINS,

CHIOROPHYLL AND PHEOPHYTIN

L V V. B. Yevstigneyev;
; Academician A. Ne Terenin 4

(Read at a meeting of the Photosynthesis
commission in Leningrad May 1951)
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The—r&se of a photopotential iq an illuminated electrode

bearing a film of pigment and placed in an electrolytie solution
is in direct relation with the photochemical, oxidizing~reducing

reactions in which the pigment molecules take parte (1)

In connection with the significance of oxidizing-reducing
processes of photosynthesis it seemed interesting to investigate

the photoelectrochemical behavior of water-insoluble chlorophyll ?

" \as Wl ’*5

and its related compounds pheophytin and phthalocyawmin w&tﬁ its

magnesium complex, the photochemlcal reactions of which were the

A oy -

subject of a muIt:iatera] study in the photobiochemical laboratory

_— ; of the Biochemical Institute imeni A. Ne Bakh. (3)

(Ze Ye. Lobanove has made certain preliminary measurements, in

the laboratory of A. N. Terenin, Physics Institute of the Lenin-

{)ro,l\,.g: »& G\
grad University, of the photoelectrochemical effect im-eo

—with a film of magnesium phthalocyani&g £&rﬂisheé~by~%he~phtoblou

VKV—Paﬁ‘ &V( Lo}
phﬁmiﬁglwlabO%a$erwwand electrophoretically spreaéﬂgyer platlnnm;i

(he /’\/Ll-\ ‘f"n'“‘a\cg.«mm‘\h woa 8 {[(ﬂ\"\z\\‘shqa{ (\ 4ok P“é"{"“
{:\151:\-\\:4«\;‘:&&} 1o\écvu X

Fig. 1 shows the dlaglam of the apparatus used in our exper-

imentse

(Fige 1 =~ Diagram of apparatus. 1) Cine--lamp: 300 watts.

2) Condenser. 3) Light filter asbsorbing infrared rays. L) Light

\
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the. electrodes: 1) electrophoretics 2) evaporation of ether solu-
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filtere 5) Platinum electrode. 6) Electrolyte. 7) Saturated sol-
ution of potassium chlorides 8) cocke 9) Calomel electrodee

10) Lamp potentiometer (sensitivity, 1-=2 millivolts).

i R A i

when experimental conditions required the pumping out of

aAviea by Ve sa-;‘
air, we used a g&ug—i—ngmdew%.ce formed by a quartz vacuum tube with

two platinum electrodes. In this case one of the platinum electrodes,

o~ "
kept in the dark, served as standarde §

We used the following as materials for the experiments: ’
1) chlorophylls (a+B), (4) and (B), obtained in our laboratory
by the chromatographic method of separations 2) pheophytin, obw~
tained by the action of acid on chlorophyll org directlyé, from
nettle ] after Fishers 3) phthalocya}dsll‘j.n and its magnesium complex

s |
in the form of criistalline powderse

v

AeposrT
The following methods were used to «epz:e\ad the films on

tion; 3) vacuum sublimation (only for the phthalocyanins)e

As a result of the experiments we established that, as a
rule, the potential of the inert electrode covered with a film of
any of the tested compounds and immersed into an electrolyte,
changes under illumination, 1. eoy that these compounds show & %

i

photoelectrochemical effecte

According to Ve I veselovekiy (3), not simply the poten=

vot e

tial whicharises with time, but the speed of the change of poten=

o .
tial under the action of irradiation must serve as *o\h\e basic chare= }

ascteristic of the photoelectrochemical process. However, for the
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given materials, the speed of establiskment of a stationary skg=
'Y valw cveaT : 3
- r ¢ of the potential L g [FEegible ' %\

\
. \u\ira‘,&\/\/’.’*l\'\~Q

O
¥ 4n-Russian-bext] one can say, in a—&les?\treahnent of the phenom=

enon, that the intensity of the stationary photopotential (php) is

e AT

[7'\/‘
in direct dependence Trom the imitial photocurrente. l/

Fige 2 shows the change of potential curves obtained with

and without light from the chlorophyll films; fige 3, from the
pheophytin films; and fige Uy from the phthalocyanin films placed {
in a neuter solution of potassium chloride.

millivelts kight ‘ DavKness
250 ~«

Fige 2 == Change in time of the potential of a chlorophyll film

obtained by evaporation of an ether solutions The electrolyte is

ONKCl, Effects with and without light are shovme
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millivolts ;. 1 . d 1 d
i +300
b
: 0 5 10 15 20 minutes
Fige 3 ==~ Change of potential with a pheophytin film obteined
through electrophoresis., The electrolyte is 2NKCl. Light is
turned on and off every five minutese
millivolts light ,, darkness
+200 |
minutes
: Fige L -- Change of potential in time for a phthalocyanin film

obtained by sublimation in vacuum. The electrolyte is 2NKC 1+

0,1NKOH. Iight is turned on and off.
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L As sppears from the curves, the potential of the 1llumi=
nated electrode shifts to the positive side with all the compounds

except pheophytin which, under such experimental conditions, shows

a negatlve phpe

Measurements under differently 1lit films showed that the

php is proportionate to the intensity of absorbed lighte

The illumination of the films with lights of different
wave length, separated by meang of a light filter and Beckmannts
monochromator showed that the spectrum of photoelectrochemical
action corresponds to the absorbence spectrum of the films in

the visible and near ultraviolet sector of the spectrume

In specially conducted experiments (with illumination of
the blackened side of the electrode opposite to the film) it
appeared that the observed film php is not a consequence of the

heating of the filim by the absorbed light energye.

The spreading of double strata of pigments producing phps
— ; of different signs in a given electrolyte, made it possible to es=
tablish that the photoelectrochemical effect is determined by &
superficial interattion between the film and the electrolyte and

ig not localized on the surface of the electrodeeo

The sign and the intensity of the php is closely connected
in the tested pigments with the oxidizing-reducing property of the
electrolyte surrounding the film. 1In the presence of oxidizers,
particularly of air oxygen, one usually observes a positive php

connected with the presence of photo=~cxidizing pigments (in certain

D . -
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cases pheophytin is an exceptionys The presence of neuter salts

in the solution does not have much significance in this case.

The role of oxygen in the rise of a php is confirmed by

experiments where air was removed from the eleetrolytic solution.

The pumping out of air provokes a sharp and significant drop in

the positive phpe If we introduce into the electrolyte such a
typical oxidizer as quinone, the pumping out of air does not lead 3
to a significant drop in the phpe. This shows that quinone can

substitute dissolved oxygen.

In the presence of reducers like Na hydrosulphyte, Na sul=- ;

L
1

phite, hydroquinone and ascorbic acid in the conditions where

the reducing qualities of these manifest themselves, the positive

php either diminishes strongly, or changes its sign to negative,

which testifies to the presence of an electron shift correspond=

ing to the photoreduction of pigments.

Tt should be noted that, when using aleoholic instead of
aqueous solutions, the same results were obtained both regarding
the intensity and sign of the php and the role of oxidizers and re=
% ducers. Experiments with alcoholicould, of course, be conducted
: only with phthalocyanins, for chlorophyll and pheophytin are both
easily soluble in alcohol.

g u ey * |
This shows that not the medium, but the neulexr molecules
4

dissolved therein, like Og, quinone, hfidroquinone and others, and

also the ions with oxidizing and reducing functions are basically

significant in the rise of a php.
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The pH of the medium also hes a definite influence on the
photoelectrochemical effect of the tgsted pigments. In this sense
kos\,.\or'

6 ™
one can note a definite difference in the canduets of phthalocyanins

on one side and of chlorophyll and pheophytin on the others

The php of phthalocyaﬁins in an alkaline medium and in the
absence of reducers was always positive and stronger in intensity
then in an acid mediume LThg qhange of potential happened faster
then with acid and thefiéguﬁgéé;tlal was reached very fast both
with and without the admittance of lighte

Iy

In the case of chlorophyll and pheophytin, the chanég of ?he
potentialéslzg‘Eﬁgér 11lumination and in an alkaline medium was,
as a rule, negative. This fact is probably connected with the
easier reducibility of these compounds in the presence of bases,

a fact that was discovered earlier in the photobiochemical laboras=

'bOI'y'o

Very interesting is the difference in conduct of chlorophyll
and pheophytin under identical conditions. These compounds either
show a php of different sign, as happens when solutions of ﬁ:&%&;:ﬁ'
salts are used as electrolytej chlorophyll then has a positive php,
and pheophytin a negative onee Or elsey if the php sign is the
same{_negative in an alkaline medium and positive in an acid
mediuT} then the positive photopotential is always considerably
higher with chlorophyll, while the negative one is higher with
pheophytine |/ This compares well with the data obtained earlier (L)

in regard to the easier photoreducibility and the more difficult

photo-oxidizability of pheophytin over chlorophyll and, consequent-
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1y, in regard to the possible role of a central atom of magnesium

in these processes.

All the phenomena described above were produced with pigment
films spread over carbon or graphite electrodes, but the absolute
php values were considerably smaller and, as a rule, even for the
phthalocyanins, did not surpass a few millivolts. No php could be

observed on these electrodes without the presence of films.

On the basis of obtainéd data one can affirm that the
measuring of photoelectrochemical potentials is a valuable method
of study of the photochemical properties in the tested pigments and
will have to be adopted in the future as the simplest and perhaps

the only way of solving a series of problems connected with the
\

© s s . . . "'\mt Pritwmavy
oxidizing--reducing function of chlorophyll during -----~-===--=
------ [illegible in Russian text] photochemical process of photo-
synthesis. ‘

There is no doubt that a further development of this method
and its application to the research on heterogeneous photochemical
reactions of the protein complexes of chlorophyll is the order of
the daye
Photobiochemical Laboratory Submitted 14 September 1951

Biochemical Institute imeni A. Ne. Bakh
USSR Academy of Sciences
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